Abstract. CASSCF/MRCI calculations have been performed for five states of ScCl X 1 + , (1) 3 , (1) 1 , (1) 3 and (1) 1 for which values of the spectroscopic constants T e , R e , ω e and ω e x e are reported.
Introduction
We have undertaken a theoretical work on the electronic structure of the scandium monochloride molecule in close connection with the experimentalists of our laboratory, who are now engaged in an extensive study of the excited states of ScCl, after fruitful investigations of scandium monofluoride (Shenyavskaya et al 1993 . Although ab initio predictions are available for a large number of molecular states of ScF from Langhoff et al (1988) , such predictions for ScCl are available to the best of our knowledge for only two states: X 1 + and (1) 3 . In this note we present predictions for spectroscopic constants of the following five states of ScCl: X 1 + , (1) 3 , (1) 1 , (1) 3 and (1) 1 . This last state has been recently characterized by Taher et al (1995) while further experimental investigations are in progress to characterize as yet unobserved states such as (1) 3 and (1) 3 .
Calculations and results
Theoretical determination of the spectroscopic constants have been performed using the complete active space self-consistent field (CASSCF) method. Correlation effects have been taken into account through a multireference configuration-interaction (MRCI) scheme. The CASSCF/MRCI calculations have been carried out by use of the computational chemistry program MOLCAS (Andersson et al 1991) .
To describe scandium we use the basis previously described and used by Langhoff et al (1988) in their work on scandium halides, i.e. a (8s6p4d3f) contracted set of Gaussian functions. To describe chlorine we use the basis set at our disposal in the MOLCAS code (Sadlej 1991) , i.e. a (14s10p4d) set of Gaussian functions contracted to (7s5p2d).
An all-electron SCF calculation was first performed. Then 18 inner electrons for Sc and 12 inner electrons for Cl were 'frozen' in subsequent calculations so that only eight valence electrons, i.e. 4s 2 , 3d for Sc and 3p 5 for Cl, were considered explicitly in the treatment of ScCl. Molecular orbitals were determined through CASSCF calculations and (1) 1 , the energy was calculated for equidistant values of the internuclear distance R, separated by 0.1 a 0 in the range (4−4.9 a 0 ) and from which spectroscopic constants were determined. Values of the minimum-tominimum electronic energy T e , the equilibrium distance R e , the harmonic frequency ω e and the anharmonicity constant ω e x e are displayed in table 1. They are compared with experimental data from Shenyavskaya et al (1969) for the state X 1 + and from a recent characterization of the B(1) 1 state (Taher et al 1995) and with the theoretical results of Langhoff et al (1988) for the X 1 + and 3 states. For the ground state our values for ω e and ω e x e agree well with the experimental ones and with the ω e value provided by the best theoretical treatment of Langhoff et al (coupled pair functional method + correction for relativistic effects). The agreement is not as good for the R e value which is found to be larger than both the experimental value (by an amount R e = 0.049Å) and the best theoretical value ( R e = 0.034Å) while the agreement with the SDCI + Q result of Langhoff et al is better ( R e = 0.012Å) as could be expected. It should be noted that Langhoff et al have shown that the inclusion of inner-shell correlation, i.e. treating ScCl as an 18-electron system instead of an eight-electron one, results in a contraction of ∼0.02Å of the bond lengths of scandium halides. This explains a part of the overestimation of the R e value. For the lowest excited state, namely the (1) 3 state, our values for R e and ω e are in quite good agreement with the results of Langhoff et al while there is a large discrepancy for the T e value. For this state, Langhoff et al have shown that calculated values of T e are very sensitive to the level of approximation of the method used.
Present predictions for the higher excited state (1) 1 are seen to be in rather good agreement with the experimental determinations of Taher et al for R e with a relative difference δ of 2% and for ω e (δ = 3%) while for T e δ reaches 14%. It should be noted that the two states (1) 1 and (1) 3 , for which to the best of our knowledge there exist no previous results, are found to be close ( E ∼ 20 cm −1 ) in their minimum region and to have very similar values of R e , ω e and ω e x e . This might be taken into account in an experimental search for these states.
